The possibility of obtaining a new class of the bases of lubricants by modifying the natural fat molecule by a fragment of a link of synthetic polymer -polyethylene terephthalate is considered. The influence of thickeners of various chemical nature is considered: paraffin P400, beeswax, aerosil 200, modified bentonite, sodium stearate and lithium stearate on antifriction characteristics of PET-acylglycerol based on beef fat. The influence of fillers, namely: aerosil 200, modified with quaternary ammonium salts bentonite clay (particle size is 20 nm), talc, graphite and molybdenum disulphide on the value of static shear stress and anti-wear properties are considered.
Introduction
The term "green" means a new round of scientific thinking, which includes views on the ecological balance and principles of environmental protection. The industry of lubricants in the perspective of new thinking -"green tribology" provides among many tasks: -ecological aspects of manufacturing new lubricants with the use of renewable raw materials and their biodegradation after the end of their life cycle. Potential raw materials for the creation of environmentally friendly lubricants are vegetable oils, animal fats and synthetic alcohol esters [1, 2] .
For lubricants, from the point of view of material science, it is important to solve two problems: -to ensure the production of natural, renewable raw materials; -to create lubricants with high tribotechnical properties and capable of independent biodegradation after the end of the cycle of operation.
In developing the technology of chemical recycling of waste polyethylene terephthalate (PET bottles) by glycerolysis, Professor Mandzyuk I.A proposed a mechanism of the process with the formation of oligomeric products -recyclables of different molecular weights [3] . The process of chemical recycling of PET, in the framework of the presented model, was considered as consisting of a sequence of reactions: the destruction of the main chain of polyethylene terephthalate under the action of degradation agent -glycerol; synthesis -polyesterification; intermolecular exchange [4, 5] .
The field of technical application of natural fats continues to expand, the volume of production of products based on vegetable oils significantly increases [6] . At the same time, attention should be focused on the fact that oil and synthetic lubricants and their components are toxic products. Some polycyclic aromatic hydrocarbons are carcinogenic [7] .
Analyzing new, modern trends in the development of tribotechnics, one should note that one of the effective directions for implementing the concept of "green tribology" is the development of new lubricant compositions based on natural ecologically safe fats capable of biodegradation. A special weightage to such scientific research is given be the use of recycling technologies of secondary raw materials [8, 9] .
The purpose of the paper is to study the effect of thickeners and fillers of different chemical nature on a new class of lubricants made on the basis of beef fat modified by waste polyethylene terephthalate
Experimental part
The aim of the work was to study the structure and tribotechnical characteristic of modified natural fat by grafting polyester oligomer (polyethylene terephthalate).
As the object of research beef fat was considered. According to the developed technology [10], synthesized intermediate com-pounds of acylglycerols of natural fats [11, 12] , from which PET-acylglycerols of fats are synthesized. The latter were considered as the basic body of greases. To assess the structural characteristics of synthesized materials, rheometry and IR spectroscopy were used. The tribotechnical characteristics of the synthesized lubricants were determined on four-ball friction machine in accordance with the procedure [13] .
Results and discussion
From the standpoint of the chemical structure, natural fats are compounds that are obtained as a result of the reaction between glycerol and aliphatic carboxylic acids with the formation of esters -acylglycerol (Fig. 1) .
By developed technologies for recycling waste PET bottles, we have obtained intermediate compounds -recyclables (PET oligesters) the combination of which with natural fats produces PET-acylglycerols (Fig. 2) . On the IR spectrogram (Fig. 4 ) of the synthesized base bodies of lubricants base on beef fat and PET waste, it should be noted the appearance of bands in the region of 1577 cm -1 -stretching vibrations of the C-C = benzene ring groups, deformation vibrations of the benzene ring in the plane at 1504 cm -1 , which indicates the presence of fragments of the PET link in the composition of acylglycerol of beef fat.
One of the main components of the lubricant, which forms the structure and determines its main performance characteristics is a thickener. The main requirement for a thickener is the ability to form particularly fine, uniformly distributed particles in order to form a stable structure of the material. As a thickener we studied: paraffin P400, beeswax, aerosil 200, modified bentonite, sodium stearate and lithium stearate. As criteria for the effectiveness of thickening considered wear indicator and coefficient of friction.
In fig. 5 shows the nature of the change in the wear index, depending on the type and concentration of the thickening agent for lubricants based on PET-acylglycerol of beef fat. The low concentration (5 m.f.) of metal stearates of lithium and sodium also does not affect the antiwear properties of the material, however, at a concentration of 8 m.f. there is a significant effect and a sharp decrease in the wear indicator.
It should be noted that at high concentrations of stearates (10 m.f. and 15 m.f.) metals there is a certain increase in the wear index. This can be explained by the formation of a very strong structural framework, when the material flowing point is sufficiently high, that is, the base material (dispersed medium) does not stand out under the action of shear forces, and the thickener "glued" on the surface of the bodies of friction.
In fig. 6 -11 depicts a change in the coefficient of friction of a lubricant based on PET-acylglycerol of beef fat, depending on the type and concentration of thickeners.
Analyzing the graphs, it can be concluded that the change in the coefficient of friction, depending on the type and concentration of the thickener, correlates with the data on the change in the wear indicator. That is, low concentrations of paraffin and wax practically do not affect the characteristics of the material; at higher concentrations there is a slight change in the indicators. These thickeners are fusible and suitable for use in preservative lubricants. Inorganic thickeners (aerosil 200, modified bentonite clay) at low concentrations slightly reduce the coefficient of friction, but with a further increase in their content, it increases. This indicates that lubricants with inorganic thickeners have low lubricating and protective properties. The lowest value of the coefficient of friction is observed for thickeners of metal stearates. Metal stearates are characterized by a polymorphism of a crystalline structure, that is, the crystals of the same soap can have different crystallographic forms at different temperatures and vary in density of packaging.
One of the important functions of fillers in lubricants is to increase the stability of grease to shear stresses (displacement elastic modulus), to improve their anti-wear and anti-wearing functions (for antifriction fillers), which receive special significance at high loads, speeds and a wide temperature range of operation machines and mechanisms. As fillers we studied aerosil 200, modified with quaternary ammonium salts bentonite clay (particle size is 20 nm), antifriction fillers -talc, graphite and molybdenum disulfide. In the study of the lubricity of materials, [14] it was found that the effect of fillers on anti-wear properties was largely determined by the nature of the thickener. When using thickeners that form a rigid structure, the fillers are held in the frame of the lubricating material and do not enter the friction zone. Therefore, the above-mentioned fillers were added to thickened materials with sodium stearate, the introduction of which does not lead to a significant increase in the yield line, retains the thixotropy of the system, which in turn allows the antifriction fillers to enter the friction zone.
In tab. 1 shows the value of the static shear stress τ 0 for the thickened material with fillers. Based on the analysis of the results presented in tab. 1, it can be concluded that when adding different types of fillers, there is an increase in the value τ 0 -static bias voltage. This is more pronounced when an aerosil is introduced.
At the same time, the addition of bentonite does not lead to a sharp increase in the value of τ 0 , that is, by modifying with the quaternary ammonium salts of the surface of particles of bentonite clay, it is possible to adjust the value of τ 0 .
Data tab. 2 allows you to analyze the lubricity of filled lubricants developed on the basis of beef fat and waste polyethyleneterephthalate. The table shows the diameter of the wear spots depending on the type and concentration of the filler with consistent increase of loads.
It should be noted that in the range of low loads the role of fillers does not significantly manifest, therefore, to demonstrate the influence on the lubricating properties of the materials developed, the interval of transition from medium to high loads was chosen.
From the data of the table it is seen that the introduction of selected fillers leads to a decrease in the value of diameter of the stain wear. However, in the entire load range, the MoS2 and graphite lubricants are most effective, especially at high loads, for example, when loaded at 1381 N, the diameter of the wear depreciation is reduced to 70 % at 3 % filling. Increasing the concentration to 8 % slightly improves the lubricity, so it is not expedient.
In fig. 12 depicts traces of wear on steel balls taken with scanning electron microscopy. In case of using beef fat as a lubricant, the limiting friction regime is observed with an equalization of the friction surface due to smoothing of the microroughnesses.
The type of wear spot when rubbing with a synthesized body (Fig. 12b) indicates the signs of plastic deformation of a thin layer of metal in the friction zone, which manifests itself in the formation of a mass of metal in front of the ball when it moves. Plastic deformation of the metal is evidence of the formation of the intermediate layer in the contact zone, due to the phenomena of adsorption of the lubricating oil on the active centers of the metal surface [15] .
Conclusions
It is established that the addition of antifriction fillers (talc, molybdenum disulfide, graphite) results in an increase in the values of the shear stress by 6 times compared to the composition without a filler, the diameter of the stain wear decreases by 70 %. Among the investigated thickeners, the most effective was sodium stearate, the wear indicator decreased by 41 %, the friction coefficient -by 30 %.
